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A near  real-time  method  for  measuring  atmospheric  winds,  temperature,  density, 
and  pressure  was  initiated  and  tested^ty  the  US  Army  Atmospheric  Sciences  Labora- 
tory at  White  Sands  Missile  Range  (WSMR),  New“’Mexicor'^The  technique  used  a 0.1 -m 
sphere  deployed  from  a small  meteorological  rocket  and  tracked  by  a high  preci- 
sion radar  to  acquire  data  from  position  measurements.  Total  elapsed  time  from 
launch  to  sphere  impact  was  11  to  13  minutes.  Spheres  were  tracked  by  several 
radars,  and  comparable  temperatures  were  attained  between  spheres.  Comparisons. 
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of  temperature  with  independent  radiosondes  and  rocketsondes  were  also  made  and 
showed  good  agreement  with  two  identifiable  bias  areas  at  25  km  and  35  km.  Wind 
data  showed  excellent  comparability  with  differences  in  direction  occurring  pri- 
marily in  light  wind  conditions  of  less  than  10  m/s.  . 
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INTRODUCTION 


In  response  to  a request  from  Ballistic  Missile  Defense  Advanced  Tech- 
nology Center  (BMDATC) , a program  to  measure  the  atmospheric  parameters 
of  temperature  and  wind  in  real  time  was  initiated  at  WSMR,  New  Mexico, 

The  requirement  was  to  determine  the  feasibility  of  making  the  measure- 
ments in  near  real  time  by  using  ballistic  sphere  techniques.  Near 
real  time  for  this  purpose  is  defined  as  collecting  the  required  data 
between  5 and  50  km  altitude  within  15  minutes  of  an  initial  command. 

The  ballistic  sphere  is  a passive  device  deployed  from  a meteorological 
rocket  and  tracked  by  a ground-based  radar.  Data  are  derived  solely 
from  the  radar  position  information  recorded  during  sphere  descent. 

THE  BALLISTIC  SPHERE 

For  approximately  15  years  inflatable  spheres  deployed  from  meteorologi- 
cal rockets  have  been  used  to  measure  atmospheric  winds  and  temperature 
and  to  derive  density  and  pressure  between  30  and  90  km  altitude.  In  1972 
the  Meteorological  Rocket  Network  [l,2]  started  a routine  sounding  program 
at  five  locations  using  a 1-m  inflatable  sphere  deployed  from  a Super  Loki 
rocket  system.  Data  accuracies  vary  from  2 percent  rras  between  30  and 
80  km  to  10  percent  rms  at  90  kra  altitude.  Uncertainties  are  caused  pri- 
marily by  radar  noise  and  computer  program  filtering  bias.  The  computer 
program  devised  by  the  University  of  Dayton  Research  Institute  (UDRI) 
under  contract  to  Air  Force  Geophysics  Laboratories  (AFGL)  [3]  (formerly 
Air  Force  Cambridge  Research  Laboratories)  uses  equations  of  motion,  an 
initial  assumption  of  temperature,  measured  drag  values,  radar  data,  and 
hydrostatic  equations  to  calculate  the  atmospheric  parameters.  The  theory 
and  discussions  of  accuracies  are  covered  in  the  cited  reference.  The 
simplified  equations  used  in  the  computations  are  as  follows: 


Density 

2m  (g^  - z) 

P " C AV  (z  - w ) 
d z 


• •• 

where  m = mass  of  sphere,  g^  = gravity  (vertical)  z,  z = vertical  velocity 
and  acceleration  of  sphere,  C^  = drag  coefficient,  A = sphere  cross  sec- 
tional area,  V - velocity  of  sphere  with  respect  to  the  atmosphere,  and 
w^  - vertical  wind  velocity  . 

Wind 


II  * 5CZ 

W = X - n 

X z-g^ 


W = y 

y 
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• ••  • •• 

and  are  wind  velocity  in  the  X and  Y directions  and  x,  x,  y,  and  y 
are  sphere  velocity  and  acceleration  in  X and  Y directions. 


Pressure 


P.  = ?.  + / 1 pgdz 

1 1-1  z.  , ^ 

1-1 

NOTE;  An  initial  pressure  is  computed  from  an  initial  temperature 
estimate  by  using  the  equation 

P = T p R 
o o o - 


where  R is  universal  gas  constant;  is  molecular  wt  of  air. 


Temperature 

T = 

Rp 


For  the  BMDATC  requirement  a new  set  of  sphere  criteria  had  to  be  devised. 
The  sphere  size  had  to  be  on  the  order  of  0.1-ra  diameter  so  that  it  would 
fit  into  an  existing  rocket.  The  mass  and  diameter  had  to  be  calculated 
for  proper  rate  of  fall.  The  relationship  between  Mach  number,  Reynolds 
number,  and  drag  coefficient  had  to  fit  the  altitude  region  between  5 and 
50  km.  To  achieve  these  goals,  theoretical  trajectories  for  several 
spheres  were  computed,  and  a 0.1-m,  0.100  kg  candidate  was  selected  (Table 
1)  as  optimum. 

Table  1 is  broken  into  five  sections.  Section  1 lists  the  altitudes  at 
which  the  sphere  has  vertical  accelerations  of  -7  and  -3  msec~^,  the  alti- 
tude band  of  vertical  velocities  greater  than  Mach  1,  and  the  altitude  at 
which  the  Reynolds  number  exceeds  2 x 10^.  It  is  at  this  point  that  air 
flow  around  the  sphere  becomes  turbulent.  Derived  thermodynamic  data  is 
degraded.  Section  2 tabulates  time  of  fall  in  various  regions  of  the 
trajectory.  Section  3 is  a computation  of  temperature  errors  caused  by 
assumed  vertical  motion  of  the  atmosphere.  Section  4 describes  one-sigma 
errors  of  temperature  at  various  altitudes  caused  by  radar  noise.  Section 
5 lists  the  theoretical  temperature  biases  errors  at  55,  50,  and  45  km. 

FLIGHT  TESTS 

Two  sphere  sizes  were  used  during  this  program:  a 0.12  m and  a 0.1  m. 

The  former  was  utilized  because  it  was  readily  available,  while  the 
smaller  sphere  had  to  be  fabricated  to  order.  Fortunately,  a larger 
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TAhLK  1 

COMPITKD  TRAJECTORY  (Tb\K/\CTERISTU:S 
OF  0.1-n  SPHERE  DEPI-OYED  AT  80  km  ALTITUDE 


100  gr.m 

150  Kram 

200  gram 

1. 

Alt  for  z ~ -7  m/s^ 

(>3.7J  km 

61,38  km 

59.93  km 

Alt  for  2 = -3  m/s- 

56.94  km 

54,75  km 

53,23  km 

Ait  band  for 
Mach  No,  >1 

3b, 89  km 
78,62  km 

34.15  km 
78.62  km 

32.16  km 
78.62  km 

Alt  for  turbulent  flow 
Re  No.  > 2 X 10^ 

<100  m 

2.43  km 

4,1  km 

2. 

Time  of  fail  50  to  20  km 

2 min  23  s 

1 min  58  s 

1 min  43 

Time  of  fall  50  to  10  km 

5 min  38  s 

4 min  41  s 

4 min  8 

Time  of  fall  apogee  to  4 km 

10  min  0 s 

8 min  33  s 

7 min  44 

Time  of  fall  50  km  to 
Re  No.  > 2 X 10- 

9 min  33  s 

7 min  57  s 

6 min  21 

'.p  error  at  50  km  for 
tical  wind  of  2 m/s 

1.851'K 

1.710^K 

1.644"K 

'rom  ‘.W  = 1 m/s  at  40  km 
2 

1.268  K 

uon^K 

0.915''K 

■on  * .5  m/s  at  30  km 

J.189‘’K 

0.971°K 

0.877°K 

AT  from  aW  = .1  ra/s  at  20  km 
z 

0,555''K 

0.459"k 

0.396°K 

AT  from  = .1  m/s  at  10  km 

1. 236 '’K 

1.003^K 

0.701°K 

Estimated  temp  error  due 
to  radar  noise 

55  km 

1.4478“K 

1.937®K 

2.307°K 

50  km 

0.99I7°K 

1.180''K 

1.267^K 

40  km 

0.8bll'’K 

0.715°K 

0.676”K 

30  km 

1.4375^K 

1,247“K 

1.129"K 

0^  20  km 

2.9b72"K 

2.490°K 

2.185'’K 

10  km 

6. 04  80’’ K 

5,r.6'^K 

4.644”K 

5, 

Temperature 
bias  error 
estimation 

7,96  K at  55  kn 
5,41  K at  50  km 
2,64’'K  at  45  km 

9.29’’K  at  55  km 
6.75*=K  at  50  km 
2.07®K  at  40  km 
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I rocket,  the  XM75  [4],  was  available  at  the  beginning  of  the  tests,  and 

no  program  delays  were  encountered. 

j The  sphere  was  made  of  two-piece  thin-wall  spun  aluminum,  welded  at  the 

I equator.  It  was  mounted  on  a lathe  and  turned  in  two  directions  to  give 

I a final  diameter  tolerance  of  ±.13  imn  and  a medium  polished  surface  smooth- 

ness. Two  molded  plastic  pieces  were  placed  fore  and  aft  of  the  sphere, 
and  the  assembly  with  appropriate  spacers  was  loaded  into  the  rocket  • 

I (Fig.  1).  The  rocket  was  launched  at  a quadrant  elevation  of  80°  and 

reached  altitudes  of  60-70  km  (Fig.  2).  At  that  point  a 110-second 
pyroteclinic  delay  detonated  a small  explosive  charge  and  the  sphere  was 
ejected  into  the  atmosphere.  Radars  acquired  the  sphere  and  tracked  its 
descent  to  impact  11  to  13  minutes  later.  Rate  of  fall  reached  500  m/sec 
at  55  km  (Fig.  3) . 

Severe  radar  acquisition  problems  were  encountered  on  almost  every  mis- 
sion. The  number  of  pieces  ejected  at  expulsion  varied  from  three  to 
four  depending  on  the  assembly  configuration,  and  proper  identification 
of  the  sphere  was  difficult.  The  FPS-16  and  MPS-36  radars  at  WSMR  did 
not  have  discrimination  capability,  .and  operation  judgment  was  the  only 
source  of  target  selection  available.  Many  variations  of  assembly  tech- 
niques, multiple  radar  assignments,  and  multiple  target  assignments  were 
tried,  but  acquisition  of  the  sphere  remained  a problem  througliout  the 
program.  A number  of  spheres  were  flown  where  little  or  no  data  were 
recorded.  This  problem  should  be  virtually  eliminated  when  discrimina- 
tion radars  are  used. 

RfXDAR  ERRORS 

On  8 December  1975,  three  ballistic  spheres  of  approximately  135  g mass 
and  0.12  m diameter  were  launched.  The  three  Itiunches  were  tracked  by 
four  radars:  three  FPS-16  and  one  MPS-36  radar.  The  FPS-16  radars  are 

designated  by  the  numbers,  R112,  R113,  and  R114;  and  the  Ml’S-36  is  R354. 

Radar  tracking  accuracies  were  calculated  from  the  8 December  flights 
where  four  radars  were  used  to  simultaneously  track  each  sphere.  The 
standard  deviation  of  the  error  in  range  was  estimated  by  differencing 
the  ranges  from  two  radars.  Assuming  that  the  radar  errors  are  indepen- 
dent and  of  equal  variance,  the  standard  deviation  of  tlie  difference 
between  range  values  divided  by  the  square  root  of  2 is  an  estimate  of 
the  one-sigma  slant  range  error  for  each  radar.  Table  2 shows  the  one- 
sigma  error  in  range,  azimuth,  and  elevation  using  various  combinations 
of  the  radars.  Rrom  this  table,  the  following  conclusions  can  be  made. 

The  FPS-16  radars  performed  as  expected  with  regard  to  slant  range  track- 
ing errors  of  3 to  6 m.  However,  the  azimuth  and  elevat ion  errors  are 
three  to  four  times  as  large  as  observed  in  tracks  of  larger  1-m  spheres 
[3].  The  flPS-36  radar  exhibits  somewhat  larger  tracking  errors  than  the 
FPS-16  radar.  Nevertheless  as  will  be  seen  later,  the  !IPS-36  radar  is  of 
sufficient  quality  to  provide  reasonable  accuracy  in  temperature  and  wind 
measurements  from  the  ballistic  sphere.  The  significantly  higher  errors 
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SEPARATION  T+ltO  SECONDS 


Figure  2.  Typical  sequence  of  events  during  a sphere  flight. 
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in  azimuth  and  elevation  found  in  the  Fl’S-10  tracks  of  tlie  smaller  bal- 
listic spheres  required  a considerably  larger  smoothing  interval  to  be 
used  in  the  data  processing  than  for  reduction  of  1-m  sphere  data.  Thus 
the  computer  program  previously  used  for  tlie  1-m  inflatable  spliere  was 
completely  revised,  and  a new  concept  of  data  treatment  was  devised  which 
reduced  program  biases. 

DATA  REDUCTION 

The  Ballistic  Spliere  Data  Reduction  Program  (BSDRP)  uses  radar  input  of 
slant  range,  azimuth,  and  elevation  angles  at  time  increments  of  1/10  of 
a second  to  produce  atmospheric  measurenuMits  of  winds,  temperature,  den- 
sity, and  pressure  for  that  region  of  tiie  atmosphere  between  approximately 
2 and  50  km.  It  was  designed  to  be  used  either  on  a real-time  computer 
system  or  with  batch  processing.  When  used  on  a real-time  computationai 
system,  output  should  lag  radar  computer  input  by  less  tiian  1 minute. 

Seme  of  the  features  of  the  program  are  as  follows:  The  program  employs 

quadratic  smoothing  to  obtain  the  velocities  and  accelerations  needed  to 
solve  the  equations  of  motion  and  obtain  atmosplieric  measurements.  Tlie 
number  of  data  points  used  in  the  quadratic  smootliing  is  an  input  param- 
eter of  the  program  and  can  be  varied  at  the  discretion  of  the  user,  de- 
pending on  size  and  mass  of  the  spliere.  For  applications  of  the  0.12-m, 
135-g  ballistic  spheres  with  tracking  by  an  Fl’S-lb  radar,  63  data  points 
were  used  in  the  data  procest ing.  The  BSDRP  also  provides  the  option  to 
effectively  increase  the  smoothing  interval  at  two  specified  altitudes  by 
successively  doubling  the  time  interval.  This  is  achieved  by  averaging 
consecutive  data  points.  Thus,  the  number  of  data  points  used  in  the 
smoothing  remains  the  same  throughout  the  flight,  but  the  time  spacing 
between  data  points  increases  by  a factor  of  2 each  time  the  smoothing 
interval  is  doubled.  In  the  case  of  the  0.12-m  ballistic  sphere  with 
FPS-16  radar  tracking,  the  smoothing  interval  was  expanded  at  25  km  and 
10  km  to  maintain  a noise  error  in  temperature  of  less  than  2 degrees  over 
the  entire  altitude  range. 

/\nother  feature  of  the  ballistic  sphere  program  is  the  removal  of  bias 
errors  resulting  from  smoothing.  This  removal  was  achieved  as  follows. 

The  initial  position  and  velocity  of  the  ballistic  sphere  was  calcu- 
lated from  the  radar  data  shortly  after  apogee.  From  these  Initial  con- 
ditions a theoretical  sphere  trajectory  was  generated  by  assuming  the 
sphere  fell  in  the  1962  Standard  Atmos[)here  with  no  winds  present.  This 
theoretical  profile  was  then  treated  as  if  it  represented  radar  coordi- 
nates. The  N-point  quadratic  smoothing  was  used  to  generate  atmospheric 
parameters  of  winds,  temperature,  density  and  pressure.  Any  differences 
between  the  computed  parameters  and  the  lhh2  Standard  Atmosphere  values 
represented  bias  in  the  measurements  due  to  smoothing.  These  differences 
in  density,  temperature,  and  winds  were  stored  in  a bias  correction  array. 
Bias  errors  in  pressure  were  not  stored  since  using  the  iileal  gas  law,  pres- 
sure can  be  determined  directly  from  temperature  and  density  measurements. 
After  generation  ot  the  bias  correction  table,  processing  of  the  radar 
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data  continued.  Radar  data  were  processed  by  the  ballistic  sphere  pro- 
gram to  provide  calculations  of  winds,  density,  temperature,  and  pressure 
at  time  increments  of  1 second  (two  seconds  after  the  smoothing  interval 
was  expanded).  Corrections  were  then  applied  to  this  biased  data  by 
determining  from  the  bias  correction  table  the  proper  correction  for  the 
specified  altitude.  Subtraction  of  this  bias  from  the  BSDRP  calculation 
provided  an  unbiased  estimate  of  the  atmospheric  parameters. 

Another  feature  of  this  program  is  its  ability  to  remove  the  often  ob- 
served unreal  temperature  perturbation  when  a sphere  penetrates  Mach  1. 
This  fictitious  oscillation  results  from  an  inability  to  accurately  cal- 
culate the  drag  coefficient  as  it  passes  through  Mach  1.  The  bias  error 
correction  technique  employed  in  this  program  effectively  removes  this 
oscillation. 

The  program  also  provides  an  estimate  of  the  noise  errors  in  the  computed 
values  of  winds,  temperature,  density,  and  pressure  by  assuming  indepen- 
dent radar  errors  in  range  of  5 m and  in  azimuth  and  elevation  of  0.4  rail. 
These  radar  error  estimates  were  obtained  by  differencing  coordinates 
from  dual  FPS-16  radar  tracks  of  the  0.12  m ballistic  spheres. 

The  BSDRP  ballistic  sphere  program  was  designed  for  use  with  the  CDC  6600 
computer  but  was  adapted  to  the  Univac  1108  computer  at  WSMR.  During 
flight  tests,  radar  data  were  transmitted  to  a central  recording  facility 
and  recorded  on  a packed  magnetic  tape.  Tapes  were  then  used  with  the 
computer  program  to  produce  a data  list.  Delayed  time  processing  of 
15-20  minutes  from  launch  time  was  successfully  accomplished. 

With  each  firing,  or  set  of  firings,  a conjunctive  radiosonde  (RAOB)  and 
rocketsonde  (ROCOB)  observation  was  made.  The  radiosonde  ascended  on  a 
balloon  and  measured  temperature,  pressure,  and  winds  between  the  surface 
and  30  km.  The  rocketsonde  descended  on  a parachute  and  measured  temper- 
ature and  winds  between  65  km  and  25  km.  Comparisons  were  then  made  be- 
tween data  collected  from  the  ballistic  sphere  and  the  independent  tech- 
niques. Comparisons  were  also  made  between  the  various  radars  tracking 
the  same  sphere.  Because  of  operational  constraints  a time  and  space 
variation  existed  between  the  conjunctive  measurements  and  spheres  which 
could  account  for  part  of  the  observed  differences.  Rocketsonde  and  ra- 
diosonde temperature  accuracies  are  typically  ±2°C  rms  [2]. 

Generally,  the  temperature  data  from  ballistic  spheres  appeared  to  be 
valid  between  5 km  and  about  42  km  altitude.  Above  42  km,  the  data  de- 
viates significantly  from  the  rocketsonde  reservation.  This  deviation 
may  have  been  caused  by  excessive  radar  noise  or  magnus  forces  induced  by 
the  spinning  sphere.  Below  5 km,  the  sphere  enter*  d drag  crisis  where 
the  drag  coefficient  changed  rapidly  with  very  JittU  change  in  Reynolds 
number  [5]. 


ANALYSIS  OF  FLIGHTS 


Figure  4 is  typical  of  data  collected  from  a 0.120  m sphere.  On  this 
mission,  launched  on  8 December  1975,  four  radars  tracked  the  sphere 
simultaneously.  Differences  in  data,  therefore,  are  directly  attrib- 
utable to  individual  radar  errors.  There  is  generally  excellent  agree- 
ment between  4 and  20  km  altitude.  Between  20  and  35  km,  the  temperature 
values  differ  by  up  to  7''K  with  the  greatest  difference  coming  from  the 
MPS-36.  Above  35  km,  there  is  a gradual  divergence  up  to  about  10°K  at 
50  km.  Radars  112  and  114  show  excellent  agreement  over  the  entire  range 
from  4 to  42  km.  Above  50  km,  the  data  is  not  usable.  The  difference 
between  temperatures  derived  ♦'rom  tlie  various  radars  may,  in  addition  to 
inherent  radar  capability,  be  largely  influenced  by  the  servobandwidth  of 
the  radar.  Tracking  at  a low  servobandwidth  can  produce  the  type  of  os- 
cillation observed  in  radars  R113  and  R354. 

Figure  5 compares  radar  114  with  data  collected  from  conjunctive  rocket- 
sonde  and  radiosonde  on  the  same  day.  Two  distinct  biases  appear,  one 
at  24  km  (10°K)  and  the  other  at  35  km  (5°K).  The  data  diverge  signif- 
icantly above  42  km  and  probably  reflect  the  upper  limit  of  this  bal- 
listic sphere  measurement  system. 

Figure  6 compares  the  temperature  data  derived  from  five  radars  tracking 
a single  0.1-m  sphere  launched  on  7 October  1976.  There  is  excellent 
agreement  between  4 and  25  km,  then  differences  of  up  to  10°K.  between  30 
and  35  km,  and  up  to  7°K  between  35  and  42  km.  Figure  7 is  a temperature 
comparison  between  the  sphere  and  the  ROCOB/RAOB  measurements.  One  radar 
was  selected  as  representative.  Again,  the  biases  appear  at  25  and  35  km. 
At  25  km  the  sphere-derived  temperature  is  warmer  than  the  RAOB,  and  at 
35  km  the  sphere  is  colder  than  the  ROCOB. 

Table  3 lists  the  observed  differences  between  ROCOB/RAOB  and  the  averaged 
temperature  data  from  10  radar  tracks  of  0.120-m  spheres.  The  biases  are 
quite  apparent  at  25  and  35  km,  with  an  observed  divergence  above  42  km. 
Otherwise,  temperature  differences  are  generally  within  ±2°K. 

Table  4 lists  the  observed  temperature  difference  between  ROCOB/RAOB  and 
the  averaged  data  from  10  radar  tracks  of  0.1-m  spheres.  The  biases  at 
25  and  35  km  are  still  evident  in  approximately  the  same  magnitude  and 
direction.  The  biases  may  result  from  inaccuracies  in  drag  coefficient 
data,  magnus  effects  induced  by  the  spinning  sphere,  or  possibly  other 
factors.  Figure  8 graphically  illustrates  the  statistical  differences 
between  spheres  and  ROCOB/RAOB  for  both  the  0.1-  and  0.12-m  spheres. 

As  previously  stated,  the  ROCOB  and  RAOB  data  differences  are  given  as 
±2°K  rms.  Table  5 lists  and  Fig.  9 Illustrates  temperature  data  collected 
from  four  radiosondes  flown  on  7 October  1976.  Release  times  varied  from 
0705  to  1030  Mountain  Standard  Time.  Maximum  differences  occur  at  15  to 
17  km,  with  a magnitude  of  6°C  between  the  0730  and  1030  releases. 


TABLE  3 


TEMPERATURE  DIFFERENCE,  ROCOB  AND  RAOB  MINUS  0.12-METER  SPHERE 


Alt-km 

Diff  ('’K) 

Std  Dev(®K) 

50 

-17.4 

11.3 

49 

-18.3 

14.8 

48 

-22.7 

14.4 

47 

-19.4 

11.4 

46 

-12.1 

9.3 

45 

-5.6 

9.5 

44 

-4.1 

8.7 

43 

-3.0 

7,4 

42 

-2.9 

7,1 

41 

2.0 

5.3 

40 

-1.1 

4.8 

39 

-1.4 

4.9 

38 

1.4 

3.6 

37 

4.4 

3.8 

36 

5.6 

1.3 

35 

5.4 

2.6 

34 

6.9 

3.  3 

33 

1.4 

1.3 

32 

0.6 

2.6 

31 

-3.1 

4.1 

30 

-5.  3 

3.3 

29 

-6.5 

4.2 

28 

-7.0 

3.6 

27 

-7.3 

3.6 

26 

-6.8 

1.^: 

25 

-6.3 

3.3 

24 

-5.3 

2.2 

23 

-3.9 

2.2 

22 

-3.6 

2.3 

21 

-3.3 

1.5 

20 

-3.1 

1.0 

19 

-2.6 

1.9 

18 

-1.1 

0.8 

17 

-0.5 

0.9 

16 

-1.5 

1.8 

15 

-2.8 

2.3 

14 

-0.6 

2.1 

13 

2.6 

1.5 

12 

2.6 

5.2 

11 

10.6 

10.0 

10 

2.3 

6.9 

9 

-1.6 

2.5 

8 

-3.8 

2. 2 

7 

-1.7 

3.  1 

6 

-0.9 

6 . 6 

5 

-0.9 

10.0 

4 

1.3 

12.0 

18 

■ - ^ 


TABLE  4 


L 


TEMPERATURE  DIFFERENCE,  ROCOB  AND  RAOB  MINUS  O.i-METER  SPHERE 


Alt-km 

Diff (®K) 

Std  Dev( 

50 

-4.0 

49 

-4.0 

48 

-0.5 

3.5 

47 

4.5 

5.0 

46 

7.0 

4.2 

45 

5.0 

4.2 

44 

4.0 

5.  7 

43 

-2.5 

3.5 

42 

-5.5 

2.1 

41 

-0.  5 

0.7 

40 

1.  5 

4.8 

39 

0.  5 

4.4 

38 

1.5 

2.9 

37 

6.  3 

1.0 

36 

4.0 

0.8 

35 

6.0 

1.2 

34 

5.0 

4.1 

33 

6.0 

4.2 

32 

0.  2 

4.1 

31 

-0.8 

2.2 

30 

-2.0 

2.0 

29 

-5.0 

2.1 

28 

-4.6 

3.8 

27 

-3.9 

4.8 

26 

-4.4 

2.  7 

25 

-5.  3 

2.6 

24 

-3.0 

2.3 

23 

0.2 

3.  5 

22 

1.7 

2.4 

21 

-]  .5 

1.6 

20 

-2.4 

2.5 

19 

-1.9 

3.8 

18 

-0.9 

5.0 

17 

0.9 

1.5 

16 

-1.7 

1.2 

15 

-0.2 

1.9 

14 

-1.6 

1.0 

13 

0.8 

2.8 

12 

-0.  6 

2.4 

11 

3.0 

4.1 

10 

0.6 

4 . 6 

9 

1.2 

4.1 

8 

1.8 

4 . 6 

7 

4.  7 

5.8 

6 

8.9 

8.8 

5 

13.4 

7.3 

4 

-5.0 

1.4 

19 
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TABLE  5 


1. 

t 

1 


RADIOSONDE  TEMPERATURE  TEST, 


7 Oct  76 


I 


WS-0100; 

WS-0705; 

HOL-0715;  JAL- 

■0740;  JA1.-1030 

MST 

Alt-km 

WS 

HOL 

JAL 

JAL 

(°K) 

(’’K) 

('’K) 

("K) 

1.524 

281.2 

281.0 

279.9 

281.8 

3.048 

272.0 

271.2 

270.  6 

270.0 

4.572 

268.8 

265.  7 

264.  5 

264.  3 

6.096 

258,5 

257.8 

259.  3 

259. 1 

7.620 

250.4 

248.1 

249.  3 

249.3 

9.144 

239.1 

237.2 

238.1 

239.  3 

10.668 

225.2 

225.1 

225.5 

227.1 

12.192 

214.4 

214.3 

213.8 

215.1 

13.716 

209.9 

209.3 

209.8 

211 . 5 

15.240 

205.6 

205.4 

209.8 

211.9 

16. 764 

212.5 

212.2 

206.  3 

206.9 

18.288 

212.1 

212.3 

210.4 

212.4 

19.812 

216.2 

216.1 

217.4 

214.  7 

21.336 

217.4 

214.3 

215.6 

217.9 

22. 860 

999.0* 

220.  2 

220.  8 

219.2 

24.384 

999.0 

222.0 

222.  5 

999.0 

25.908 

999.0 

223.6 

223.4 

999.0 

27.432 

999.0 

224.8 

224.1 

999.0 

28.956 

999 . 0 

225.6 

226.  3 

999.0 

I 


a 


*999  uenoles  missing  data 
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These  data  are  presented  only  to  illustrate  a pitfall  in  comparing  two 
sets  of  measurements.  The  natural  time  and  space  variability  of  the  at- 
mosphere in  addition  to  nominal  system  accuracies  must  be  considered. 

Figures  10  and  11  show  wind  speed  and  direction  versus  altitude  for  a 
0.12-m  sphere  flown  on  8 Decenber  1975.  Data  are  from  two  FPS-16  radars 
and  from  ROCOB  and  RAOB.  Between  4 and  27  km,  the  wind  speed  agreement 
between  the  two  systems  is  excellent  with  differences  of  only  a few  meters 
per  second  in  evidence.  Light  winds,  less  than  10  m/sec,  were  observed 
only  between  17  and  28  km.  Between  28  and  40  km,  the  sphere  indicated 
winds  from  5 to  10  m/sec  greater  than  ROCOB/RAOB.  The  profiles  converge 
at  about  40  km  and  are  in  good  agreement  up  to  46  km.  The  data  from  the 
two  radars  is  almost  Identical  throughout  the  entire  profile. 

Wind  direction  compares  favorably  between  ROCOB/RAOB  and  sphere.  Points 
of  large  variability  appear  only  under  light  wind  conditions.  Differences 
of  up  to  60°  appear  at  28  km  where  the  corresponding  winds  are  less  than 
10  m/sec. 

Figures  12  and  13  Illustrate  wind  speed  and  direction  comparisons  for  a 
0.1-m  sphere.  As  in  the  previous  wind  profiles,  data  are  taken  from  two 
radar  tracks  of  a single  sphere  and  from  the  conjunctive  ROCOB  and  RAOB. 

In  this  case  the  wind  speed  is  less  than  10  m/sec  between  18  and  40  km. 

The  corresponding  direction  graph  shows  a wide  scatter  of  data.  Below 
18  and  above  40  km,  where  wind  speeds  are  greater  than  10  m/sec,  the 
agreement  is  generally  within  10°. 

CONCLUSIONS 

The  0.1-  or  0.120-m  ballistic  sphere  is  a relatively  accurate  method  for 
the  purpose  needed  of  deriving  the  atmospheric  parameters  of  wind  and 
temperature  between  4 and  42  km  altitude.  Below  4 km,  turbulent  flow 
conditions  for  the  sphere  prevent  the  measurement  of  temperature.  Above 
42  km,  inaccurate  radar  tracking  or  tracking  at  a low  servobandwldth 
prevents  accurate  temperature  and  wind  measurement.  Between  4 and  42  km, 
temperatures  compare  favorably  with  conjunct  ive  radiosondes  and  rocket- 
sondes  with  apparent  biases  occurring  at  25  and  35  km.  Winds  are  compa- 
rable at  all  altitudes  in  both  speed  and  direction  except  under  light  wind 
conditions  when  wind  d’" action  is  inaccurate.  The  technique  should  be 
applicable  to  users  req-'ring  fast,  real-time  measurement  of  the  atmo- 
sphere. The  bias  may  suit  from  inaccuracies  in  drag  coefficient  data, 
magnus  force  effects  on  the  spinning  sphere,  < " other  factors.  Additional 
studies  will  be  required  to  determine  if  the  biases  can  be  successfully 
removed. 


Figure  10.  Comparison  of  wind  speed  between  spliere  and  ROCOB/RAOB  on  8 Dec  7b.  Sphere  is  0.12  m In  diameter 
Data  from  R112  and  R114  are  plotted. 
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